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Formwork
Farmwark

Set the D-Box (bag) into the |

Afterfilling

Closing & Lifting

& The corner: of bottom of
the bag should be set ta
the corner of bottam of
the Formwark,

& Lifting band of the bag
should be positioned

® Setthe Formwerk onto
leveled ground.

pipe atc.

center of the bag by using

Be sure to trample the
graval well to fill the

gravel to edpge and corner
of the bag.

Level the top af the filling |
material by hand or by [
shovel, |

® Close the closing band not
to cause opening,

@ The lifting band is deubled
structure, Be sure to sat
hook to doubled lifting
band.

T H-8 D-Box DRAE (Hh

W BARRL120ME/H. 2 v ~—H8 80 f#/H)
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1. #EHEICALNS D-Box DV =a7 /L& A& H

1.1 BRI &Rt

(1) D-Box HME FA AT REAL it R ih %

ARK~==27/LTOD D-Box MM E T HEEWIIEEDOHA L 725 HLEE T%D +
BIIss kit AR L 95, B, HZFEIZ D-Box AR ET AT, XS HERIT 4Tk
4y %G d D-Box DEIBIET DR AR TEX 2 F THUKT 2L R™NH 5,

# 1.1-1 D-Box 28 AT & 4 D&M 3 L OSRAT:

G ET D HiA S f: +E A WrR A e
HEEY

PRIE DA L7y | RS R ¥ tH DV | 1) ¢ =5kN/m? HL MR L 7o g o

% HEHSIK k NfEe=0 % & 1213 D-Box

?)'h

AN
B B Bk &
SATIR O Tk

>“<

+

59 Hi [V (FoF)
D-Box D%k 73 [EL#E I HE D-Box B AN BUK 23 L HE

1.1-1 D-Box Bak Aif o> HiiR AR 0L

1-1
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(IR SHIEE 0k Ly

K~ =2 T MERIZHSL BELE ~ D-Box RE 2 X 5 FEFEHFEA21T72 9 i Chaungphyar
site near Ainme D FIZE(2016 4F 8 )k & . D-Box Z &% & L 72 1% O#LE ORPLILK 1-1-2 (2
RTIED THY, ZO%ROEIEER L OVE FIZFAE L Ty,

D-Box #i%aiONEOBL KM (Chaungphyar Site, 2016 4= 8 H #xi¥

201741 H 2017 # 2 A 2017 4 H

-

2018 /£ 2 A

X 1.1-2 D-Box #ax A, Bkt OB (Chaungphyar Site)

1-2
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(3) D-Box SR BEERIIFEMXD T H KR

D-Box # @& L 72 Chaungphyar Site & OVFHGHE R 41772 - 72 Daunggyi Station O
B & FERRPLE, K 1.1-3~1.1-5 KO 1.1-2 [ZR- T X 912, FEir D CLAY-1 IXNE D
>72 (10 H) #%® 11 ARDFHUFER TH Y . H/KE (water content) 40%. NH & 4 F2E D
SRE 2R Ch D, Lo LIRZRICIER 1.1-2 ISR & O IZikgg iz & 70 0 | CLAY-2 135Kt
< NES 0TIV iREsHIAR CTh 5,

Th ayetkon

0 10 20 30 40 50

— Q=== e e 0.00 —

———————————— ) gl s 3 ol i
_%wiiﬁéiéégiigiiéé&iiam_
L L T T
N | s B 3 o ol i B 6 S
- -6.0([:::::::::::: ::::: :::: :::::: ::: :::::::::::::::}6.00 —
—CLAY-I[ {1 [ [ CLAY-Il
R e e e e e e D
S o e e
UL L e DET e S S St

—-12.00 -12.00—

1.1-4 5o R Chaungphyar Site (BH-01)

1-3
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1
{,&
B

0 10 20 30 40 50

—-12.00 -12.00—

1.1-5 Bl o HE IR Daunggyi Station (BH-02)

# 1.1-2 BH-01 & O BH-02 @ 2R

Water | Specific e N -
Depth Content | Gravity Grain Size Distribution Atterberg Limits
BHNo. | Sample No. Soil Types
. W Gs Gravel Sand Silt Clay 1L PL PI
GL-(m) | EL: (m)
(%) (%) (%) (%) (%) (%) (%) (%)
T-1 0.50 8.25 CH 39.34 2715 - 0.83 52.08 47.10 83.18 30.80 52.38 CLAY' 1
P-1 2.00 -2.00 MH 36.85 2.674 - 1.05 3395 65.00 73.78 36.08 37.70
T-2 2.50 -2.50 CH 39.71 2.682 - 1.00 44.20 54.80 81.45 3530 46.15
P-2 4.00 -4.00 CH 39.07 2710 - 047 61.43 38.10 90.92 34.58 56.34
T-3 5.00 5.00 MH 108.33 2l - 5.80 57.00 3720 86.37 43.50 42.81
BE01 CLAY-2
P-3 6.00 -6.00 MH 87.17 2482 - 295 53.05 44.00 73.80 4222 3158
P-4 7.00 -7.00 b 62.04 2.599 - 1.70 36.20 62.10 -
P-5 .00 800 MH 67.63 2.594 - 097 72.00 7l 15 1317 3598
P-6 5.00 -5.00 F 58.67 2.661 - 0.38 73.90 -
7 10.00 -10.00 F 67.22 2612 - 0.83 77.90 -
T-1 0.50 -0.50 CH 33.36 2.670 - 0.67 65.43 33.90 75.10 29.82 45.28 CLAY 1
P-1 2.00 -2.00 F 3215 2.682 - 2.00 56.20 41.80 -
T-2 2.50 -2.50 CH 30.54 2.686 - 112 67.08 31.80 62.40 26.05 36.35
P2 4.00 -4.00 CH 28.57 2.659 - 1.36 7274 25.90 6437 26.36 38.01
T-3 5.00 -5.00 CH 2842 2692 - 0.67 67.33 32.00 63.30 30.13 3317
BH-02
P-3 6.00 -6.00 CH 314 2582 - 0.20 52.80 47.00 7245 27.34 45.11
P-4 7.00 -7.00 CH 39.49 2.638 - 353 53.68 42.80 59.68 28.34 31.34
P-5 8.00 -8.00 15 51.35 2.642 - 0.35 52.65 47.00 - CLAY'2
-5 2.00 -9.00 F 5145 2641 - 372 47.08 47.20 -
P-7 10.00 -10.00 5 60.34 2.663 - 1.05 45.05 53.90 -

1-4
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1.2 D-BOX QEKHE

AR~ =a 7 VO REHIIN 1.2-1 OFREDO Ry T4 O &1 5,
D-Box DEAMEIXLITICTRITHIRAEELLA., BIGRKRICKYEMEDHIMITERRIRETH S,

D-Box (15t 314%) %R tisiZHfak

D-Box &M ADMMEIL 150mm &35 (NT A MDY A XD 3 %% fHefr)
EEOWEIL 4.8m &35 (2.4mX2)

8 O FEANE X 400mm TH 573, FlK 350mm UL EZ& R 5 Z &
D-Box IZHEKIEREDS T 6D, BB PEKER i 2 A D LB e

SICISICAC)

ZIK"?: =2 7/1/03564'%%@

2400 / @ 2400
Sleeper
16pic/12m_\ 1400 1400

400 400 ‘ §

_\B T | T |t.:..:.x.)f' !]? é
k‘f;{gallast o ® %?‘1 R (4

D_BO';; .............. /‘

LS100 '
1000 %/ 1000 x 230

(Sand jnside)

oxU (%{0 2
gaL e

1-5
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2. D-Box D1%RE(Svv—H& LS-100M)

2.1 D-Box RED TR E LU

# 2.1-1 D-Box Ofb#k

HH MR R+ D 5 (D-Box)
(RS 4 D-Box LS-100M D-Box LS-100
(Trr~—) (A A%
P4 X (mm) fi€ 1,000 X £ 1,000 X< /& 250 fiE 1,500 X £ 1,500 X 155 450
WA & (m3) 0.25 m3 1.0 m3
B R it 511 R 7 1) R HEEHS
5577 (N/5cm) 1,800 LA E 1,800 UL E RYTFae Ly | #a (C40 R
(1,600) (1,600) i) . i
SEPE (%) 18% Al 18% A

TERE ¢8R 73R O BB A 1 X 20em/ 5y

2.2 hEEHHHOHE
D-Box OHFEOMIIW F721%, A z2HT L2 L2 EARET D,
® HLEID/NT R N OFRKRIAED 50mm UL FOLAETHIEINRNT A MEHEHLTHEWN,

o I/ HBEOABEIRNVNETHEECL I THE (4.5 22MR) T, W2 ITia 1 < ik
LM NGEORBREELEZFHLTH LU,

A

X 2-2-1 D-Box ~DOHEE/EE (D)

2-1
6-17



2.3 A

¥ v —IZBIT 5 D-Box ® 1 FEMOLLFRERFE RIX, £ 2.3-1 12R-T L H 12, HAR O D-Box
X, BIERE OEERIT, 7T0%~90% THHDIZX L., ¥ r~—flo D-Box IX. 60%5TH

50

HB&H:2018.3.22(&#XEHE:2017.48 8 H)

AERAIE:JIS L 1096-8.14.1 AKIZHEMR

SKERIK B 5cm DAVAEIRE 20 em

53R AE—FK:20 cm/min

% 2.3-1 D-Box O bkt R

DBOX&%E kRSN /5om KN/m | 12 BERZEN/5cn BREE  KN/m "E
1800 (BL#E(E) 36 1655 | (SEHIE) 91.9% | 33.1
A& (3.5-9 &
AL YEEE
1800 (R#ME) 36 1329 | (=AE) 73.8%| 266 [800K N/m
2BDEX
1600 (EAIfE) 32 949 | (E:AIE) 59.3% 19 HERNIE
Syov—al 20K N/m
2 THb,
1600 (EAI1E) 32 921 (SE:AI1E) 57.6%| 18.4

HHE 231 5lEABR (HAK D-Box)

2-2
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2.4 EERFEH

% 2.4-1 D-Box DEEEUREL

ES PREM DR DBE D HEEM B DA D
&4 & D-Box 0.6 0.6
D-Box & D-Box 0.4 0.56
D-Box & ¥+ - 0.4
2.5 BKFRE

FEARE . BX 104 /B

2.6 fRENMERNR

D-Box |2 £ B IEEMEIN R 4 FEAET 572, D-Box s% Bl & 5% &t OIRENFH 2 HuE# (Rail
Gang Car: RGC) % KfEHK 30km/hr THEITSH, 3 # 77 (CH 220, CH300 % U CH340) TH=H)
FHZAT IR o7 GEMIL 4.2-4 ESR) ek, FHINE. EITHMBIRE) X, ME1TELA T AR
Y., TS HEHES) : Z OFHIZITR 5T,

864

4 Water Permeable Mat-2
L=25m Joint lap = 100mm

Sand t=50mm
L=1.0m

3 Water Permea
r L=18mi{Both

Joirt lap =1

250300
550

a7 U—h7ay 7 (CH240 18 3840) =7 U—Fkr7 v 2 (CH300)
#7150 X 150 X 150mm

X 2.6-1 EEREBR o —FENE

2-3
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O£ P —

-

FE 2.6-1 HREEER IR

Z J5 15 D PR | X J7 0 K OVY J7 [0 OHRE)

7— Yozan :/—‘ }E:f(:f A
cﬁﬁll | l ﬂ&/u\ CE%E CH340 toward Y.
90.0 \\
500 < > < - > _ e
0.0 i
g P A ]
~60.0 — f“/ o —
2 e / // - )
?}0.0 e /,
= A A
0.0 . — i
= I e -)(—- ';:,«A’—
gt Ry e
E20.0 A o e
1 = ] << |
0.0 |
0.0 !
08 1 1.25 1.6 2 25 3.15 4 5 6.3 8 10 125 16 20 25 31.5 40 50 63 80 100
L/3A 25— 23 Rpuid i # (Hz)
—— NolMihigic F L F—FH) —w— 4H4H —=—6H12H 9H20H =w=—2H6H

Vertical line: Vibration acceleration level (dB) «
Horizontal line: Center frequencies of 1/3 octave bands (Hz)

¢ : Average energy before D-Box Installation (No.1)-
& Apr. 4,2017 =*:Jun. 12,2017 : Sep. 20, 2017 7 : Feb. 6, 2018-

2.6-2 IREYFEHARE RG] (5 1520 < BEE 4 710 O ARBIEH IR )

2-4
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2.7 XFNIEXHR

“D-Box 73& 55567, “D-Box 23 2WIGE"O ARk 4 D-Box LS-100 % IV Daunggyi
Station THEjiti L7=# R ((WELIE TEORMZ : P-S #hifl) 2K 2.7-1 12737,

AT ST DINE DS KN EE & 70 D i B A2 ARFR SR ) EHIE T 5 FiEIC L, 2o E v, “D-Box
D H5E”, “D-Box B7eWGE"L 0 & 5 NIHRIESFE AR L T 5,

F72. D-Box 3H 555 TH, D-Box ZHOIALrZ LT LV, S BICTWBESFR )R8 KT DG
BLpoTunWa,

Kao iR D & — A
r—2A HAR IR DL D-Box O H1EE# K 30(kN/m?2)
K-1 J i - 84.88
K-2 | # t=250mm - 141.47
K-3 N7 A b t=250mm -
K-4 D-Box b
K-5 | D-Box W+ /3y 778 I X HHDIAS
K-6 D-Box AL (RTZR)
. Load p (kN/1x)

0 100 | 200 300 400 500 600 700 800 900 1000

0 el Lt : :
- et T\ —e—PLT-K-1
a i —o—PLT-K-2
=l " —e—PLTK-3 |
60 PLT-K-4 _|
—o—PLT-K5
8“ ‘ snad
—6-PLT-K6
£ 100
E
= 120
g
140 |
- 565.88 D—WJX’EE%ECMZJ:%\
T X AOEM
vi 160 ] B

180

\
b \xm |
200 : > PR 707.35

220

; d T
240 | | :
H H i/
i 5 \ / \9
i i \ / 844.33

260 : ; \ / .

280

DB BEE

300

2.7-1 SEHGHTRBRES R (P-S ko ER A HEX)

2-5
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KA b R FH (kN/m?)
PLT-K-1 84.88
PLT-K-2 141.47
PLT-K-3 141.47
PLT-K-4 707.19
PLT-K-5 962.74
PLT-K-6 424.62

GE 2.7-1(1) R R % o W R

it

—

2-6
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CEBREt=aT7ML
3.1 [FL®IZ

K~y =27 /BT 2GEHE, SGERIKRZ AR E LTEY, D-Box 2 W G5 ICK T 5
XFFIIRERETH D,

D-Box D3ZFF/ g% G BRI & FEM 12 X 2 FBUATIC X - T L7, RIC,
ZOFBNT O BROE LICITE T V2 ILR L, B R(MFOLERREOEALE2IT-72, €L
T, BRI DR IREAZRE L, HERIR S —AZA 2T 0 2FE LT, &itv==27 /b
ZER LT,

(figs)
D-Box ODFEIZLL T O@Y 7208, A~== 7/ TIIEERKEZ %% & LT, D-Box & U 7=k
FIHAR IR B R IRIR &5,

(1) BB - - XFARR (TARYRK A TRHREERIZATILORRNETS D)
(2) IEiE*T 5

(3) LT HRHI x5

(4) REN K

D-Box DOSCFF/MMEIL, JFHBEOREL « ZTFrE 2 2S5 2 L7 mERTIEC L D0
HOWENRIZI A, D-Box MUl “ROIES” L “RpRE o hab Lo - Z2ttn £” X
DRFESBNRICE TRV LTS, 2D, FEOHIMII LT, B s EZ 02 e
TN 1L0OEE, #HlEE D-Box DL KT 5723, D-Box fALd 2 T MR ICE 5 £ Thie <
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BB, B —AOBR L EHETEEONFITIER 4.3-5~8 [TRTEBVTHY., AARD
D-Box i L7=HAICIE, ~Y v 7 T =X DO TN ATRETH 0 RN ENE c& 5
Z e 120 B/ HORYWENTFRETH D Z &% Ainme D7 Y =7 M THERLTWS, —
Ji. Sxrv~—o D-Box iZ~Y v 7 T —7 DbV icn—AITHESTZD . D-Box OHRUE
1L 804%/H LK 2/8 L7 D,

D-Box 1 &H 7= o= X |

100,000
90,000
80,000
70,000
60,000
50,000

40,000 32,778
30,000
20,000
10,000
0

88,085

MMK

41,241

LS1008 A& LS100= v v~ —#L 1S1003 v < —
(hEEH - 8) (HREEHM - 8) (REEM : NTZR)

LS100

4.3-5 D-Box O#fIfE=a A k#E (D-Box #EHEIA)
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# 4.3-5 LS-100 (AASL : gkt - #0)  12048/H  (88,085MMK/4Y)
1USD=1,354MMK=113JPY
Table5.3-5 LS100(Sand Japan made) & 120884 71=1) 1USD=1354MMK=¥113
NO Work Item detail Quantity unit Unit Cost(MMK) Amount(MMK) _|Remark
1 (LS100) [{E%¥8 9|man 6.000 54,000
0 ARL—% 1|man 10,000 10,000
VA2 o 1] 1man 6,000 6,000
HEER 1]man 10,000 10,000
F£120%0.25%1.2 36|m® 3,540 127,440
FEiE (B8 10km) 36{m° 2,120 76,320{10km/one way
D-Box(LS100) B A& 120|bag 83,720 10,046,400[¥7000/bag
I\ HHE—(0.2m%) 1]set 200,000 200,000
W — 3
A\vIR—(02mY 0.1ftime 400,000 40000 £ ERI0BEDEAEATE
Mobilization/Demobilization
total 10,570,160(120&% &H1=Y
88,085|1%&H1=Y
4,365|1%871-Y (D-BoxX D HH)
#4.3-6 LS-150 (AAM : 5kt : #0) 4548/ H (169,383MMK/4¥)
1USD=1,354MMK=113JPY
Table 5.3-6 LS150(Sand Japan made) PEEHERDHH  1USD=1354MMK=¥113 A5 ey
NO Work Item detail Quantity unit Unit Cost(MMK) Amount(MMK) _|Remark
1|hEE(LS150) |¥E%8 9fman 6,000 54,000
B ARL—4 1[man 10,000 10,000
VA2 o 1) 1|man 6,000 6,000
#HEER 1|man 10,000 10,000
Fha5%1.0%1.2 54|m3 3,540 191,160
FOIEHR (F7E10km) 54{m* 2,120 114,480[10km/one way
D-Box(LS100) HAH 45|bag 155,480 6,996,600[¥13000/bag
Ny E—(02m?) 1]set 200,000 200,000
Y — 3
NyyR—(02mY) 0.1|time 400,000 40,000|/EZ B H10BMDBEEEE
Mobilization/Demobilization
total 7,622,240[120% &% 1-Y
169,383|1 R &H1-Y
13,903[1%471-Y (D-BoxZHNIFE)
#4.3-7 LS-100M (2 v o ~—%: PEist - ) 8048/ H (32,778MMK/4%)
1USD=1,3564MMK=113JPY
Table5.3-7 LS100M(Sand Myanmar made)EEHEE D H 1USD=1354MMK=¥113 80 LY
NO Work Item detail Quantity unit Unit Cost(MMK) Amount(MMK) _ |Remark
1 EE(LS100) |¥EZ & (worker) 9|man 6,000 54,000
b #A XL —%A(operator) 1|man 10,000 10,000
13y R—##Bi(wather) 1|man 6,000 6,000
{tt£E#%(Foreman) 1|man 10,000 10,000
sand 80%0.25%1.2 24|m? 3,540 84,960
Fb:E ik (FriE10km) 24|m® 2,120 50,880|10km/one way
D-Box (LS100) Myanmar$ 80|bag 27,080 2,166,400( $20/bag
18y 57R—(0.2m®) 1set 200,000 200,000
o 3 =
Av7R—(02m") 0.1 |time 400,000 40,000 f%@?waﬁ’miﬁ
Mobilization/Demobilization E%MEE
total 2,622,240(80% 8 7-Y
32,778|14&81=Y)
1%5H1-Y (D-BoxXZ A
5,698| 82)
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#4.3-8 LS-100M (3 v ~—8 : ghkt : XF 2 1)

Table 5.3-8 LS100(Ballst Myanmar made) 1

1USD=1,354MMK=113JPY

THEZEDSH 1USD=1354MMK=¥113

80 48/ H (41,241MMK/4%)

8058 7-1)

NO Work Item detail Quantity unit Unit Cost(MMK) Amount(MMK) _[Remark
1|zt (LS100) |[{E%8 9[man 6,000 54,000
Ballast ARL—42 1{man 10,000 10,000
VAL o :1:)] 1]man 6,000 6,000
T 1]man 10,000 10,000
Ballast
80%0.25%1.2(including 24|m? 33,870 812,880|40km/one way
transportation)
D-Box(LS100) HAS! 80|bag 27,080 2,166,400| $20/bag
7Ny HR—(0.2m®) 1|set 200,000 200,000
AAYHA—(02m’) 0.1|time 400,000 a0,000|FREBI0RMAE
Mobilization/Demobilization SEEE
total 3,299,280|80%H =Y
412411585 1-Y
14 161|171 (D-BoxXi
| DEE)
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4.4 BEE TEEEAE (VIR ERE)
4.4.1 HLEBEOEERBRK

B Ny 7R D) FEHREOLE O FAKEIZ, X 4.4-1 1203380 THY ., D-BoxiE 1
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4.4.3 D-Box MDF&&IAE
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4.4.4 1R\ (L=12m) DI TIZHELERS

BLE RO D-Box Bk TFNEIY, B 4.4-7 DA v FIRT L 91T, FIHEOBEITI G
EEHEEL-LDOTH D,

IR DIEITHN 8 % EIE, i L3 FTREZRESERFHIC LV | D-Box OBGRIREEAS . ROE
KRz B8 L TRET D,

% 4.4-2 O VBRI OB EIL, MMw®7H/17F®%%@ﬁ%ﬁ;\ﬁﬁ% A L7z,
ZOFEFR, 12m OIE % FERk S 5 OB 2R IX, 20.8 FEfH (208/8 Iifi]=2.6 H 45
LB, LR oT1H 1@1’5%ﬂ“f8H#Fﬁ%i@?%fﬂ@ﬁ#@ﬁLﬂ\éfﬂ/\ 1%, 1/3
(4mFffE) 5oL (34 m) &5, TN LD LINIEOETHENGEICIE, TIEE
L2 DBox ODEEHTE (4m/H 248/ m) L725b,
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TR | IERRK bt FPEF B %
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3 77y (0.2m')
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446 UEE TE D-Box MBFKOSHEUVBETISEE

Ainme TO7 v =7 FOFEFFLY, D-Box @ 120 m H7- Y OWERIEEDOHH L E T3
13K 5.4-3 17T X918, 120 m H72 V) OEE: TFEHE LK 23,000,000MMK TH Y, 1m &
720 TiE, £ 192,000MMK (9 $ 142/m) &705. ZOHAE, v r~—Mo LS-100M
WCHESICH 2 LG OME THEETH D,

7 4.4-3 LS-100M (2 v o~—H S5 ) % 120m (28T D BEOME T

(192,335MMK/m)
Table5.4-3 LS100M(Sand Myanmar made) Installation work 1USD=1354MMK=¥113 L=120m
Work Item detail Quantity unit Unit Cost(MMK) Amount(MMK) _ |Remark
1|Rail Removal 14w & (worken) 16|man 6,000 96,000
work
R 1E% B(worken) 16|man 6,000 96,000
removal work
3|Cut material  [#EZ & (worker) 5|man 6,000 30,000
4|Fill Material 1EZ B (worker) 5[man 6,000 30,000
Installation of V2 B (worker) 6|man 6,000 36,000
D-Box
6 SZ::"““” k% B(worker) 5/man 6,000 30,000{10km/one way
Installation of
7|Sleeper YE% B (worker) 16|man 6,000 96,000 $20/bag
temporary
Installation of
8|Rail Truck e B (worker) 16|man 6,000 96,000
temporary
9|Fill Ballst Y% B (worker) 16|man 6,000 96,000|Total 10 working days
1| Adustment of |4 4 5 (orker) 16|man 6,000 96,000
rail truck
11 I:l'lzg't”g L 8|man 6,000 48,000 for 80bags
12 Forman 10|man 10,000 100,000
inclluding
13 Back—hoe 8t(0.2m3) 10|set 230,000 2,300,000 (operator/watchman,
mobilization /demobilization
14 RGC(rail Gang Car) 10|set 70,000 700,000|Fuel only
inclluding operator
15 Truck with 5t crane 10|set 160,000 1,600,000|D-Box tranfer from the
fabrication yard
16 tampin machine 20(set 2,000 40,000|free MR own Fuel only
17 rammera 60hg 10|set 10,000 100,000
18 Ballast 168|m3 33,870 5,690,160(1.4m3/m
19 SD;nE;“ Fablication with 360|bag 32,778 11,800,080 |Including sand ,3bags/m
20 D-Box mobilization 360|bag 0 O[by Truck with 5t crane
totalL120m 23,080,240(For 120m
total 1m 192,335|For Tm
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4.5 EHHEGS OPEEE D D-Box BE&k Tk (FEH)

4.5.1 EEXRERK
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4.5.3 fETEE (Ainme DO4l)
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et por mwe——y ;o7 mwm——i 1}

15 B R et S RSN " Stk S I ) IR [ S et S
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454 BMEIEE

FEEIZEL DD Box D1 HY VY ORE TIEEREY 4m & L. ZOBEOERE THEEITFK 451
\RT XK 91T 142,248MMK & 72 %5, D-Box XUV T A2 MR S DA 121E. £ 88,000
MMK/m, D-Box &/37 A MG SN DAL, £ 34,000MMK/m & 72 5.

# 451 FEEDOHRIZ LS D-Box Bk EXOME 2 2 |

Table5.5-2 BY Hand LS100M(Sand Myanmar made) Instal 1{USD=1354MMK=¥113 L=4m

Work Item Detail Quantity unit Unit Cost(MMK)/day |[Amount(MMK) |Remark

E#I/D-BoxERk B/
1 ELE/HEORL/ N

Including removal of 6

B 1E % B (worker) 12|man 6,000 72,000

SAMEAN/L—IL sleepers
— U fh S
2 Z%Boxiz{'h&ﬁﬁ F P K I (Carpenters ) 6|man 6,000 36,000
3| ekEEE 1t 5E % (Foreman) 1|man 10,000 10,000
— i sy o
4|Ballast ;'33"‘3/"‘ X 4mx1.2=64m 6.alma 33870 216768 ganast@ﬂxmkm()#é) &)
5(D-Box 8bags M ¥ EDH 8[bag 27,080 216,640( $20/bag
D-BoxHEE
6|/Sand V=0.25m3/bagV=0.25%8%1.2 2.4|m3 5,660 13,584|10km/one way
=2.4m3
7| Tamping Machine |Fuel only 2|set 2,000 4,000/0wn by MR
total L=4m 568,992|For 4m
total L= 1m 142,248|For 1m

In Case Ballast supplyed by
MR

88,056 Bfllast Supplyed byMR
L=1m

D-Box &Ballast Supplyed
33,896|byMR
L=1m

In CaseD-Box & Ballast
supplyed by MR

¢-736
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5.1 MEEE
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2)  D-Box HE5DF

3)  D-Box #EDOHIE & &
4)  D-Box #{ET
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7)  D-Box #iz/£ T
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(3) D-Box DEIRELHE

# 5.1-3 D-Box 8O m&ETEH
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THOMERERE | KT, 500 4842
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(4) D-Box &4
# 5.1-4 D-Box WO HRAEIHH
RAHEE B (mm) FFAE (mm) B %
RURE (FIEW) 1000 +10%LIHN 1 L& pTC 1Al | Hai o &0
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BT THERR EAFHIT 5,
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(6) D-Box B45% T

7 5.1-6  D-Box % TOMA I H
A E H FRRAE K P (IS fifi#
D-Box O & & Bl A & =20mm M TIE R 20m £
D-Box D1 o fE : BGSME | I21 P K
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® JER : Bipdk | MIGHH
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REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI
STATION, EINME TOWNSHIP

REPORT
ON
MEASUREMENT FOR SETTLEMENT OF D-BOX
AT CHAUNG PHYAR AND DAUNGGYI STATION
EINME TOWNSHIP

1 INTRODUCTION

METRY TECHNICAL INSTITUTE CO., LTD. assigned Fukken Co., Ltd. to carry out
measurement survey for settlement of D-box near chaung phyar station, Einme Township,
Ayeyarwaddy Region. One survey team has conduct leveling survey for improved railway truck by
D-box and loading test by D-box associate with Auto Level.

1.1 Objective of Survey

The measurement of settlement was conducted for railway truck between CH 210 and CH 580 at
Chaung Phyar and loading test by D-box at Daunggyi Station. The purpose of this work is to
understand an improved effect by D-box and settlement condition.

1.2 Scope of Work
The scope of work is as follows;
- Measurement for settlement of improved railway truck: 14 times

- Measurement for settlement of loading test: 14 times
- Measurement period is between May 2017 and May 2018 ( 1 time per month)

1.3 Project Location

Project area is located at Chaungphyar and Daunggyi Rail-way Station on Pathein-Einme Rail-Way,
Einme Township, Ayeyarwaddy Region. The detailed location of project area is indicated as a
google map in Figure-1.1.

Fukken Co., Ltd. (Yangon Branch), www.myanmargeoconsultant.com
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FERE=RE
ATV, A TREDANLFT

S 7,38 km(4.59 7 1)

Figure - 1.1 Google Map of Project Area

1.4 Equipment Applied in the Project
The survey equipment is shown in Table-1.1.

Table - 1.1 Specification of Survey Equipment

Name Type Spec Set
SOKKIA SDL30
Auto Level o Up to 0.6mm 1 set
(Digital Level)

1.5 Survey Team
The following persons are participated in this project.

Table - 1.2 Member List of Survey Team

Sr. Name Position
1 U Soe Moe Kyaw Site Engineer
2 U Soe Lwin Chief Surveyor
3 U Kyaw Zin Htun Senior Surveyor
:‘- Fukken Co., Ltd. (Yangon Branch), www.myanmargeoconsultant.com 2
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REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI

STATION, EINME TOWNSHIP

2  MEASUREMENT

(1) Settlement of improved railway truck by D-box

Measurement of settlement was carried out by using Auto Level. Basically, this measurement was

conducted at CH 20 interval between CH 210 and CH 580.

Photo - 2.1 Measurement Condition of Settlement of Railway Truck

(2) Loading test by D-box

Measurement was carried out for six (6) kinds of loading condition. Table-2.1 shows each loading
condition. These loading condition are same as Plater Loading Test in other work. Measurement

points are each four (4) corner of loading plate.

Table - 2.1 Loading Condition

CASE (DFoundation I%I?;IEI_BSO—X11:506) Remarks
L8150 3
- Direct Loadi
CASE-T frect boading (Sand inside)
D-Box LS100x 4 LS150% 3
CASE-2 (Sand inside) (Sand inside)
— —~ Number of Load willbe
cAsg-g | D Box L1004 L8150 x3~10 | jecided after the soil
(Sand inside) (Sand inside) exploration
_ . — Number of Load willbe
CASE-4 ch B°.’Jé L_S1Qd0 ;‘ 4(Soil come from LS150_X5_ 10 decided after the soil
e site inside {Sand inside) exploration
D—Box LS100 X 4 (Sand - Number of Load willbe
CASE-5 |inside,Presses down and LS15O_X5_ 10 decided after the soil
embedded at least 100mm) (Sand inside) exploration
D-Box LS§100 X 4(Sail come from || g150x5~10 Number of Load willbe
CASE-6 | the site inside,Presses down and o decided after the soil
embedded at least 100mm) (Sand inside; exploration
| B
" Fukken Co., Ltd. (Yangon Branch), www.myanmargeoconsultant.com
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6.0 12.4 12.4 134 12.4 12.4 11.0

Daunggyi

Station {7
=

Figure - 2.1 Location of Loading Point

@ @

@ €)

Figure - 2.2 Measurement Point of Settlement

.......
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MEASUREMENT RESULT

3

Measurement results are shown in Table-3.1 and Table-3.2. Moreover, graphs of settlement for each

results are indicated in Figure-3.1 to Figure-3.7.
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REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI
STATION, EINME TOWNSHIP
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Figure - 3.1 Settlement Graph of Railway Truck
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REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI
STATION, EINME TOWNSHIP

L-1 (Direct Loading)
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Figure - 3.2 Settlement Graph of Loading Test (L-1)
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0.20
0.15 @ @ ©) @
0.10
E 0.05
1S
@ 0.00 . - e
2 — —
5 :
£ -0.05
(%]
-0.10
-0.15
-0.20
i — i i ~—l — — — i i i — — — i i
S~ S~ S~ ~ ~ ~ ~ S~ S~ ~ S~ ~ S~ ~ S~ ~
o~ o < n (o] ~ o0 () o i (o] = o (2] < n
~ ~ ~ S~ ~ ~ ~ ~ — i — ~ ~ ~ S~ S~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o) o) o) o0 e
5 &5 &4 49 4 49 4 4 5 5§ 5 9 09 090 9o

Figure - 3.3 Settlement Graph of Loading Test (L-2)

Fukken Co., Ltd. (Yangon Branch), www.myanmargeoconsultant.com

FERTN 8-11



REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI
STATION, EINME TOWNSHIP

L-3 (D-Box: Sand)
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Figure - 3.4 Settlement Graph of Loading Test (L-3)
L-4 (D-Box: Soil from Site)
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Figure - 3.5 Settlement Graph of Loading Test (L-4)
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REPORT ON MEASUREMENT FOR SETTLEMENT OF D-BOX AT CHAUNG PHYAR AND DAUNGGYI
STATION, EINME TOWNSHIP

L-5 (D-Box: Sand + Press 100mm)
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Figure - 3.6 Settlement Graph of Loading Test (L-5)
L-6 (D-Box: Soil from Site + Press 100mm)
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Figure - 3.7 Settlement Graph of Loading Test (L-6)
---------- End of Document ----------
H =
" Fukken Co., Ltd. (Yangon Branch), www.myanmargeoconsultant.com 10
FG=X

FERTN 8-13



Survey 9 October,2018 @5m PCKK

. @ . .
EL Readin . Width(mm
NO | CH 7/®APR o /1@3%‘018 (@%'g C;?Coentef 3%?;ng 1@300mm(i13 ®$ﬁlbn:§gm) Remarks
/2017(m) @5m(mm) ) mm (HIEXERIHFLY)
205 9.463 —
A T4
210 9.467 e
215 9.472
1 220 9.488 9.469 -19 -15 9
2 225 9.456 20 0 -1 9
3 230 9.446 20 0 -15 6
4 235 9.437 24 4 -1 1
5 240 9.428 9.434 6 23 3 0 -25
6 245 9.44 29 9 0 -1
7 250 9.463 16 -4 -0.5 0
8 255 9.479 26 6 0 7
9 260 9.503 9.509 6 215 15 1 8
10 265 9.543 18 -2 3 8
11 270 9.572 20 0 0.5 8
12 275 9.603 20 0 -1 3
13 280 9.643 9632 11 17 -3 1 4
14 285 9.657 27 7 -1 1
15 290 9.702 19.5 -05 0 0
16 295 9.734 22 2 -1 2
17 300 9.775 9.777 2 14 -6 -1 0
18 305 9.807 22 2 0 3
19 310 9.844 17 -3 1 5
20 315 9.872 16.5 -35 -2 35
21 320 9.915 9894  -21 26 6 15 3
22 325 9.928 20 0 2.5 2
23 330 9.965 22 2 2 0
24 335 10.005 26 6 2 0
25 340 10.005 10.037 32 18 -2 2 11
26 345 10.065 25 5 -1 10
27 350 10.101 22 2 2.5 5
28 355 10.144 13 -7 2 11
29 360 10.186 10172 -14 16.5 -35 1 14
30 365 10.193 30 10 -1 13
31 370 10.234 16 -4 -2 15
32 375 10.268 21 1 0.5 14
33 380 10.324 10.302 -22 185 -15 1 8
34 385 10.333 13 -7 0.5 4
35 390 10.347 25 5 -0.5 -2
36 395 10.371 235 35 15 -4
37 400 10.461 10.401 -60 19 -1 1 -6
38 405 10.429 195 -0.5 1 -6
39 410 10.455 29 9 -1 5
40 415 10.495 18 -2 -2 3
41 420 10.598 10.531 -67 16 -4 -2 2| o R 1om
42 425 10.556 26 6 -1 0
43 430 10.596 19 -1 15 -1
44 435 10.631 325 12.5 0 -4
45 440 10.706 10.694|  —12[20mmilE  [£20mmilE 1 4lmzcontin
46 445 10.707 12 -8 0.5 3
47 450 10.707 22 2 2.5 3
48 455 10.711 24 4 0.5 2
49 460 10.732 10.724 -8 18 -2 2.5 0
50 465 10.733 12 -8 3 5
51 470 10.725 21 1 3 4
52 475 10.721 5 -15 1 9
53 480 10.712 10.685 -27 20 0 0.5 8
54 485 10.654 23 3 1 8
55 490 10.622 175 -25 2 9
56 495 10.589 17 -3 0 10
57 500 10.560 10.551 -9 13 -7 1 4
58 505 10.497 20 0 0 8
59 510 10.442 16 -4 1 6
60 515 10.381 30 10 0 6
61 520 10.342 10.338 -4 16 -4 0.5 7
62 525 10.287 15.6 -4.4 -1 14
63 530 10.227 22 2 0 15
64 535 10.172 24 4 2 6
65 540 10.099 10.126 27 21 1 15 6
66 545 10.087 27 7 0 -1
67 550 10.052 10 -10 0 2
68 555 10.004 25 5 -05 15
69 560 9.962 9.966 4 21 1 -25 4
70 565 9.931 27 7 15 3
71 570 9.908 19 -1 0 0
72 575 9.881 18 -2 15 -4
73 580 9.830 9.852 22 30 10 0 0
585 9.841
590 9.856
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BACKGROUND

In Myanmar, development of transportation networks is a pressing issue as a part of
infrastructure development for economic growth. Development plans of the transportation
networks have been push forward at a rapid pace. In contrast, most ground in Myanmar is
consisted of soft ground. Particularly in delta area centering Ayeyarwaddy region, there are
much slope failure and subsidence caused by shortage of bearing capacity; repairs to such
phenomena are required. In Japan, replacement method using good quality soil, vertical drain
method, and cement mixing treatment are prevailing technologies for soft ground
reinforcement. However, those methods are not disseminated in Myanmar due to 1)
economic reasons such as procurement of heavy equipment, and 2) technical reasons such as
acquisition of special skills and requirements of work platform for heavy machineries. Thus,
it is essential to have ground improvement methods which are applicable for the situation in
Myanmar.

Under these circumstances, installation of the soft ground improvement technology is
required; such technology should be sustainable, reasonable and easy. Moreover, in terms of
technical progress in countermeasures against the soft ground in Myanmar, it is required to
conduct technology transfer through implementation of the infrastructure development.

OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S

TECHNOLOGIES

(1) Purpose
The Survey aims to prove the effect of the countermeasures against subsidence, mud-
pumping, and vibration with the soil-stabilization construction method using Box
Shaped Soil Bag with Internal Binding System ("D - Box") for the railroad foundation
on the soft ground area in Ayeyarwaddy region. Furthermore, a technology transfer
model for local engineers will be verified through compiling design manual and
construction manual considering local adoptability on D + Box while implementing the
Survey.
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(2) Activities

The demonstration construction was conducted at the railway foundations at
Chaugphyar Bridge near Einme Township in Ayeyarwaddy region, as shown in Figure-
2. The construction was conducted at both sides of the bridge; total construction length
was 360 m. In starting the construction, technical guidance was conducted by a Japanese
specialist of the track maintenance. The guidance was to coach the MR engineers for the
railway track construction, track adjustment, and railway maintenance. In the
construction, D - Box was installed directly under rail track. Particularly, D + Box
installation by manpower, directly under the rail track, was conducted as a ground
reinforcement method which enables prompt repair without waiting for the heavy
equipment in emergency. In addition, retaining walls were constructed to protect slopes
in the construction section. Moreover, D + Box dam was constructed at ends of the slopes
to avoid the slope failure during the rainy season; D -+ Box made in Myanmar was used
for D - Box dam. Topographical survey and soil survey were conducted previously to
the construction. Periodical observations on the vibration and the subsidence were
conducted for a year after the construction; the observation enabled obtaining of
sufficient records for engineering verifications of D + Box. The observation was
conducted for a year, until May, 2018, to record results of loading tests and the
subsidence at the railway track.
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Figure-2: Location of the Demonstration Construction
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In the dissemination activities, D + Box Design and Construction Manual was compiled
based on the demonstration construction to utilize the results of this project for future
development. The manual contains construction methods including D « Box installation.
The manual was used as a dissemination tool to enable engineers of Myanma Railways
(“MR™) to conduct countermeasures against the soft ground using D - Box; the manual
was used at seminars as well. Additionally, a video was produced in Burmese to
introduce D « Box. Such introduction video, pictures and videos recorded during the
construction were used at the seminars. The seminars were held at MR and Myanmar
Engineering Society (“MES”) twice, in September, 2017 and May, 2018. The seminars
were conducted to promote understanding of D + Box; targets of the seminars were
infrastructure related authorities, construction related enterprises, and civil engineers. A
draft of D - Box Design and Construction Manual was compiled in May, 2018; ten copies
of the manual written in Burmese were submitted to MR.

Information of Product/ Technology to be Provided
1) Product Name: Box Shaped Soil Bag with Internal Binding System, “D + Box”
2) Specification (Specification for Japan):

Product Name D - Box LS100 D - Box LS150
Size (mm) W1,000% D1,000xH250 | W1,500xD1,500xH450
Volume of Filling Materials 0.25m3 1.0m?
Material Polypropylene (UV stabilized PP)
Filling Materials Gravel (< 40 mm), Sand, etc.
Physical Property Vertical Horizontal
(per 5 cm)
(1) Tension Force (N) 1,869 1,858
(2) Elasticity (%) 18 18

3) Characteristics:
D - Box is the box shaped soil bag with internal binding system; it is made of
permeable textile. D « Box method is the ground reinforcement method using D -+
Box filled with gravel and/or sand. Fabricated (filled) D « Box are installed into
surface layer of super soft ground. D - Box method is effective against consolidation
subsidence, the slope failure at embankment, liquefaction, and other phenomena
caused at the soft ground. D + Box method can be constructed without using the
heavy equipment nor special machineries. Moreover, D -+ Box can be installed even
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only by manpower. D + Box method has advantages in 1) constructions on the super
soft ground with negative construction conditions where is difficult to build access
roads for the heavy equipment for the ground improvement, 2) constructions on the
ground with inadequate drainage capacity, and 3) constructions in the area where
requires the environmental consideration such as restraint of using cement and/or
lime.

Construction methods using soil bags and geotextile sheets are similar to D + Box
method. However, those methods require work platforms with sufficient bearing
capacity and access roads to use the heavy equipment. Thus, there is no other
methods than D - Box that can be used singly for the constructions on the super
soft ground.

(4) Counterpart Organization
Official Name: Myanma Railways, Ministry of  Transportation and
Communication, Myanmar

(5) Target Area and Beneficiaries
Target Area: Chaung Phyar Village, between Einme — Daung Gyi Station, Einme
Township, Ayeyarwaddy Division
Beneficiaries:  Railway passengers, Local residents (Employment promotion), and
Logistics industry

(6) Duration
October, 2016— October, 2018

(7) Progress Schedule
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(8) Manning Schedule
Table-2 shows plan of the manning schedule.

Table-2: Manning Schedule (Plan)

No. of
No. .
Ref. ) Working Days
Name Assignment Company | of - -
No. in in
travel
Myanmar | Japan
M Project manager/ Study on the demonstration
r.
_|construction/ Installation work-1/ Efficiency
1 |Futoshi o . Metry 8 94 51
measurement-1  (Vibration  Observation)/
Nomoto . o
Report (compiling and supervising)
Mr. ) ]
_ |Deputy project manager/ Installation work-2/
2  |Tsuyoshi ) o Metry 1 21 37
Supervisor of the manual/ Report (compiling)
Hanaya
Mr.
3 [Toshihiro |Installation work-3/ Workability survey-2 Metry 1 21 0
Osato
Mrs. ) ) )
Preparation  of  documents/  Financial
4 |Kazuko Metry 0 0 40
) management
Kitakaku
Chief adviser and deputy project manager/
b Planning of the demonstration construction/
r.
~ |Bid and order/ Seminar/ Site management/
5 |Hiroshi PCKK 7 63 37
) Development of sales channels/ Future
Shimada ) .
development/ Analysis of the construction
industry-1/ Report (compiling)
Mr. Railway design/ Site management (railway
6 [Minoru |construction)/ Analysis of efficiency/ Reportf PCKK 3 21 22
Kitaura [(compiling)
Planning of the soil survey/ Management of the
Dr. soil survey/ Geological analysis/ Result
7 |Hirokazu | verification/ Manual (compiling design] PCKK 1 7 37
Kadota section) / Seminar (Design section of the

manual) / Report (compiling)




Planning of the soil survey/ Management of the

soil survey/ Geological analysis, Result

8 Mr. ftsuro verification/ Manual (compiling design| PCKK 21 43
Tatekawa
section) / Seminar (Design section of the
manual) / Report (compiling)
Brief manual/ Retaining wall (supervisor)/
Mr. Workability  survey-1/  Comparison  of
9 |Wataru |construction cost with other construction| PCKK 21 32
Munekata/methods/ Manual (compiling construction
section)/ Report (compiling)
Compiling bidding documents/ Study on risks
Ms. and countermeasures/ Development of sales
10 |Yuko channels/ Future development/ Analysis of the] PCKK 42 11
Matsuda [construction industry-2/ Dissemination of the
manual
Mr. Ryuji | ) )
11 Seino Site management (railway construction) NSG 0 0

Metry: Metry Technical Institute Co., Ltd.
PCKK: Pacific Consultants Co., Ltd.

NSG: Japan Railway Track Technology Consultants Co., Ltd.

Source: Compiled by the Survey Team



(9) Implementation System

MR Metry
e Support
MR External resources Construction
E?gine)er ‘ company
Civil
Pacific Consultants Green Future
| '- Co., Ltd.
MR _
Engineer Japan Railway Track .
(Rail Track Consultants Co., Ltd. gonstructlon contract
% Maintenance) rachnical Technical guidance
assistance

Figure-3: Implementation System
Source: Compiled by the Survey Team

3. ACHIEVEMENT OF THE SURVEY
(1) Outputs and Outcomes of the Survey
1) Effectiveness of the ground improvement at the railway track

Effectiveness of the D - Box in both the dry and the rainy seasons were verified
through the demonstration construction in Einme. Verified effectiveness of the D -
Box were 1) the countermeasure against the mud pumping, 2) the countermeasure
against the subsidence at the railway track, 3) vibration reduction, 4) productivity
of the construction, and 5) ease of maintenance. In addition, D + Box Design and
Construction Manual was compiled; and merits of D - Box method were presented
at the seminars at MR and MES.

Specifically, subsidence volume at the railway track was reduced to a few
centimeter after D + Box installation. Appropriate maintenance will reduce
derailments and enable speeding up of railway; currently, Myanmar has over 1,000
times of the derailments in a year. That is to say D + Box has much potential to
contribute to the economic activities in Myanmar. Moreover, D - Box installation
by human power was conducted as the countermeasure in emergency or with
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limited budget. D + Box made in Myanmar was used for the ground reinforcement
at the railway track; the filling material was original soil at the construction site.
The construction productivity was 4 m/ day with only 12 workers. This experiment
verified that D « Box installation into the railway track, 2 bags of D - Box per 1 m,
enabled the ground reinforcement and the countermeasure against the mud
pumping. Therefore, using Myanmar D + Box for future maintenance of the railway
track has merits in both economic and the construction productivity.

Table-3 Contents and Achievements of the Survey

Activity-1: Verification of D-Box

(1) | Study on the Construction Plan; Procurement, Manufacturing and
Transportation of the Construction Materials

For design specifications; the construction plan, design drawings,
guantities, and calculation of estimated construction expense were
developed. The contractor was selected by a bidding among three
construction companies which had experiences of the railway construction.
Procurement of the construction materials and manufacturing of D + Box in
Myanmar, 460 bags in total, were conducted.

(2) | Measuring Survey (Horizontal Survey)

The horizontal survey for the construction section was conducted. The
survey was completed in November, 2017. The result was used for the
design drawings.

(3) | Geological Survey, Calculation Formula for the Bearing Capacity of the Soil

The soil conditions of the soft ground at the site was surveyed; and essential
geological tests were conducted to lead the bearing capacity and for the
subsidence analysis. Based on the results of the tests and FEM analysis, a
calculation formula was formulated for the calculation of the bearing
capacity of the soft ground using D + Box. Such formula will be used for the
future development after obtaining certification and recommendation from
related organizations.

(4) | D - Box Installation in the Railway Foundation and conducting the Loading
Tests

D - Box was installed in the railway foundation based on the technical
guidance by Japanese engineers. The construction length was 360 m; and
the construction was conducted from late January to early April, 2017. In
addition, D - Box was installed by manpower for 4 m. The construction was
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completed within the planned period. Moreover, D + Box was installed for
the loading test in middle February, 2017; the subsidence observation had
conducted for a year. For details, please refer to Image-4, 5, 9, 10 in the
Reference.

®)

Construction with Technical Transfer to Rail Track Maintenance Engineers
and Civil Engineers of MR

The technical guidance was conducted by a specialist of the track
maintenance in February, 2017; the specialist was from NSG. The guidance
was to coach the MR engineers for the railway track construction, track
adjustment, and railway maintenance. The track adjusted by the MR
engineers met with a tolerance at an inspection for the hand-over; the
inspection was conducted in April, 2017. In addition, the maintenance
method was guided to MR.

(6)

The Observation on the Vibration during Train Operation Using a Rail Gang
Car

The vibration during the train operation was observed once before D < Box
installation and four times after D -+ Box installation; the Rail Gang Car was
operated for the vibration tests. The vibration at a sensitive range, 1~12.5
Hz, was reduced by 5~10 dB according to a comparative study of the
vibration between before and after D + Box installation. On the contrary, the
vibration at a range over 20 Hz had tendency to increase. Since the Rail
Gang Car was not available for further vibration tests, reasons of such result
were not resolved. For details, please refer to Image-7 in the Reference.

(")

Status of the Mud Pumping in the Rainy Season after D + Box Installation

Visual inspections were conducted for four times after the completion of the
construction, April, 2017. The inspection was conducted in July, August and
September, 2017; and May, 2018. There were no mud pumping in spite of
the rainy season. Thus, D + Box’s effectiveness against the mud pumping
was verified. For details, please refer to Image-6 in the Reference.

(8)

Ultra Violet Resistance Test (Deterioration Test with UV in Myanmar)

Tension tests were conducted with D + Box exposed to the sun shine in
Myanmar for a year; residual ratio of the strength was measured in the tests.
As aresult, D «+ Box had sufficient safety even though it was exposed to the
ultra violet ray for a year.

)

Subsidence Analysis and Calculation of the Bearing Capacity

Plate loading tests were conducted to compare difference between existence

12



and non-existence of D + Box. The result of the plate loading tests was used
for FEM analysis; and the calculation formula of the bearing capacity was
led by the analysis. Finally, the calculation formula of the bearing capacity,
Dr. Kadota’s Formula, was formulated. For details, please refer to Image-2
in the Reference.

(10)

The Loading Test and Subsidence Observation for a Year

The loading test was conducted at Daunggyi Station to verify effectiveness
of D - Box in reduction of the consolidation; the test was planned to compare
difference between existence and non-existence of D + Box. Although the
construction was planned to be conducted in the rainy season, that was
actually conducted in the dry season due to delay in the construction
schedule. The effectiveness of D « Box in the reduction of the consolidation
was not identified in the dried foundation. For details, please refer to Image-
5 in the Reference.

(11)

The Observation on the Subsidence of the Railway Track for a Year

Height of the railway track at Chaungphyar Bridge has been surveyed for a
year; the measurement span was 20 m. This survey was conducted to verify
effectiveness of D + Box in subsidence control. The subsidence volume in
the constructed section was controlled within 3 cm excepting some parts;
such parts were a part of joint sections with the bridge, and a joint section
with existing railway track. Consequently, the effectiveness of D + Box in
the subsidence control for the railway track was verified. The subsidence
caused to existing holes or collapse phenomenon™ are presumed as reasons
of uncontrolled subsidence caused to the joint section with the bridge. For
details, please refer to Image-4 in the Reference.

Activity 2: Verification of the effectiveness of the  Technology Transfer Model and

activity of D - Box

M)

Development of the Brief Construction Manual for D + Box Method

The brief construction manual was compiled and translated in Burmese and
English; contents of the manual were fabrication and installation methods.
The manual was used for on-site guidance with practices. The productivity
of the fabrication work was remarkably smooth, 120 bags/day. Such
productivity indicated that the construction technology was sufficiently
transferred.

)

On-Site Technology Transfer for the Civil Engineers and Rail Track
Maintenance Engineers of MR Using the Brief Construction Manual
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The brief construction manual, written in Burmese and English, was used
for the on-site guidance with the practices. The technical guidance by the
specialist enabled railway installation to meet with the tolerance.

(3) | Development of Product Management Guideline

The product management guideline was compiled to show maintenance
methods for the constructed section; and the guideline was translated into
Burmese. The guideline was handed to MR at the hand-over. Periodical
maintenance has been conducted. The railway track at the site was in good
condition in May, 2018, one year after the completion of the construction.
The conditions indicated that there were no problems of the maintenance.

(4) | Development of D - Box Design and Construction Manual

D - Box Design and Construction Manual was compiled based on the
demonstration construction at Chaungphyar Bridge. The manual contains
design methods for the ground reinforcement using D + Box for railway
foundation on the soft ground, and construction methods including D -+ Box
installation. The manual was written in Japanese, Burmese, and English.
Five copies of English version and ten copies of Burmese version were
submitted to MR in May, 2018.

(5) | Organizing the Seminars using the D + Box Design and Construction
Manual for MR officers and general engineers

The seminars using the manual were held twice, in September, 2017 and
May, 2018. The seminars were held at MR for MR engineers, and MES for
civil engineers and construction related persons. Questionnaire survey was
conducted to identify effectiveness of the technical transfer through the
seminars.

(6) | Knowledge Co-Creation Program (2 persons for one week)

The knowledge co-creation program was conducted in middle June, 2018.
For the program, two MR engineers were invited to Japan for a week. The
engineers visited domestic sites constructed with D « Box and had classroom
lectures about D + Box Design and Construction Manual. Questionnaire
survey was conducted to identify effectiveness of the program; the answer
showed that they understood D + Box's great adaptability to various types of
the ground, and long range sustainability of the effectiveness.

Activity 3: Study for Future Development

(1) | Promotional Activities for the Infrastructure Related Authorities and MES
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The seminars were held at MES twice, in September, 2017 and May, 2018,
based on D - Box Design and Construction Manual. The promotional
activities were conducted to introduce the effectiveness of D « Box. Most
of participants of the seminars were the civil engineers of the construction
related enterprises. Both times, the seminars were successful with over 100
participants; and there were many detailed questions about usage of D -+
Box. This showed that D - Box is highly interested.

MES approved the seminars as one of the Continuing Professional
Development courses. MES commented that the seminars were particularly
successful. The effectiveness of the technical transfer through the seminars
was identified.

For further promotion, it will be considered essential for D + Box to obtain
related organization’s certification and recommendation as the
countermeasure against the soft ground. Incidentally, the manual will be
updated to expand its applicable to infrastructure categories other than

railways.

)

Study on a Local Supply Chain of the Construction Materials, Research for
the Feasible Business Partners, and Study on Preferable Business Model

Feasibility of local production of D + Box was verified in this project. Thus,
the future prospects are getting better. Concerning to sales of D < Box in
Myanmar, related organization’s certification and recommendation are the
first priority. The business partners which are able to handle sales and
technical guidance shall be sought out after obtaining the certification and
the recommendation.

Activity 4: The Countermeasure against the Slope Failure at the Slopes (Initially

unplanned activity)

M)

Due to the torrential rain, the slope failure was occurred at the slopes of the
foundation bank which MR was responsible; thus, D « Box dam was
constructed to reinforce the slope. Effectiveness of D « Box dam will be
finally verified after the rainy season in 2018. Additional D + Box dam was
constructed in February, 2018. It was reported that no slope failure was
occurred in that section until the end of August, 2018. Please refer to Image-
3 in the Reference.

2¢1 : Collapse phenomenon: subsidence caused by compressive deformation of the

clay led by water absorption
Source: Compiled by the Survey Team
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(2) Self-reliant and Continual Activities to be Conducted by Counterpart Organization
MR has been in charge of the maintenance of the railway track constructed with D + Box.
MR has periodically checked the site since the hand-over of the site to conduct railway
track adjustment and the reinforcement of the slopes as necessary.

4. FUTURE PROSPECTS
(1) Impact and Effect on the Concerned Development Issues through Business

Development of the Product/ Technology in the Surveyed Country

In view of the ground conditions in Myanmar, the ground reinforcement against
shortage of the bearing capacity will be certainly required for the infrastructure
development such as the embankment for roads, railways, levees, revetments, factories
and residences. D « Box can be installed by the workers with simple technical guidance.
The heavy equipment is not essential for this construction method. D « Box method is
environment friendly. Incidentally, feasibility of D + Box production in Myanmar was
verified in this project. Thus, using D + Box method is promising the employment
promotion which is one of the important development issues in Myanmar. D + Box can
be produced in Myanmar and supplied at reasonable price without facing impacts of
foreign currencies. Constructions using D -+ Box method can be constructed only by the
people of Myanmar. Therefore, it was verified that D - Box method could contribute
toward future development in Myanmar as the countermeasure against the soft ground.

Furthermore, MR showed its opinion that it wished to adopt D + Box to Yangon-
Mandalay line especially for the construction section with the soft ground. We have
received approaches from MR for a consultation about detailed location.

(2) Lessons Learned and Recommendation through the Survey

1) Protection against Exposure to the Ultraviolet
Strength of the ultraviolet rays in Myanmar is several times as strong as that in
Japan. Thus, there are concerns over the quality of Myanmar made D - Box when
it exposes to the ultra violet rays. The UV exposure test was conducted using Japan
made D - Box and Myanmar made D + Box to verify deterioration level in one year.
As aresult, it was verified that Myanmar made D + Box can have sufficient strength
even after one year exposure to the ultraviolet. Though, MR is expected to protect
D - Box from exposure to the ultra violet rays.

2) D - Box Installation by Manpower as the Countermeasure in Emergency

16



D - Box, two bags per meter, can be installed by manpower as the countermeasure
in emergency. The construction productivity of D + Box installation by manpower
was 4 m/day without the removal work of the rail. The construction expense will
be reasonable, $65/ m, when MR’s ballast is used as the filling material of D + Box.
D - Box installation will minimize the maintenance work of the railway track in

future.
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<Reference>
The overview of the demonstration construction at the site is as shown below:

1-1. Reinforcement for

Railway Foundation

1. Countermeasure |/ Image-2
— against Soft Ground

(Railway Foundation) L 1-2. Reinforcement for

Demonstration | | Slope Failure mage-3
Construction of D - Box

2. Countermeasure 2-1. Countermeasure

— against Subsidence of against Sink and

Railway Track Embedment of Ballast

___________________________________

3. Countermeasure

against Mud Pumping eeed o
ragainst Consolidation

Image-6 : Image-5

4. Countermeasure

—| against Vibration
(Under Verification)

Image-7

From CH300 to CH220 From CH560 to CH300
Image-1 Condition of the Railway near Chaungphar Bridge (Pictures were took in August,
2016 Before D - Box Installation)
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Image- 3 Countermeasure against the Slope Failure (by D = Box Dam Method)
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Image-4 Subsidence at the Railway Track Caused by the Subsidence of Ballast
(Subsidence volume was approximately 1 ~ 3 cm as a result of the one year observation)

Image-5 Measurement of the Consolidation Subsidence

(The original ground was good quality ground. Thus, D = Box’s positive effect against the
consolidation subsidence was not verified as a result of the one year measurement.)
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August, 2016 September, 2017
Image-6 Countermeasure against the Mud Pumping
(One year later from D = Box installation, no mud pumping was identified.)

Sensor of the Vibration Test

The range which is The range which is
sensitive to the sensitive to the vibration

vibration toward Z. | | toward X and Y.
90.0 ‘\ ‘\
80.0 73— > < X >
0.0
=l
~60.0 /?
= P
| 250.0 T
..3&10.0 e A
= ey auu=1 L=
0.0 AN e
Egl F"‘-\w——_——""" =
0.0
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1/ 34 o4 — 23w Rl it (Hz)
| —o—NalW(Hidi=Fn¥—TFH) —w—4H40 ——6H12A ——9H20R ——2H6H
Vertical line: Vibration acceleration level (dB) Y-direction

Horizontal line: Center frequencies of 1/3 octave bands (Hz)
*— Average energy before D-Box Installation (No.1)
B Apr. 4,2017 —*—:Jun. 12,2017 = : Sep. 20,2017 ¥ ":Feb. 6, 2018

Image-7 Vibration Measurement
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Formwork

Cetthe D-Box (bag) into the
Formwork

After filling

Closing & Lifting

® Set the Formwork onto
leweled ground,

® Thecemers of bottam of
the bag should be setto
the corner of bottom of
thie Formuwsork.

® Lifting band of the bag
should be positioned
center of the bag by using
alpe etr.

® Besuretotrample the

gravel well to fill the
gravel to edge and corner
af the bag.

Level the top of the filling
raterial by hand or by
shovel.

# [lose the closing band nat I
ta cause opening.
® The lifting band is doubled
structure, Be sure toset
| hook te daubled lifting
band.

Image-8 D - Box Fabrication Work

(Inside material: Sand; Productivity: Japanese D = Box 120 bags/ day, Myanmar D - Box 80

bags/ day)
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Ballast Filling Adjustment of Track (Rails) /

Ballast Compaction by Rammer Railway Track Inspection

Image-9 D - Box Installation (Productivity: 12 m/ day, Layout: 4 lines of D - Box,
Construction fee: 192,000 MMK/ m)
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Backfilling of Ballast Completion (The part framed in red is

constructed section by manpower)

Image-10 D - Box Installation by Manpower
(Productivity: 4 m/ day, Layout: 2 lines of D = Box, Construction fee: 88,000 MMK/ m)
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